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Purpose/Objectives: To determine the feasibility of measuring hand grip strength (HGS)
daily in a population of recipients of bone marrow transplantation (BMT), to describe
changes in strength measured by HGS, and to describe relationships between laboratory
values (hematocrit, hemoglobin, and absolute neutrophil count) and HGS.

Design: Prospective, longitudinal, repeated measures, within subject.

Setting: Inpatient units at the University of Washington Medical Center in Seattle.
Sample: 33 patients admitted in preparation for BMT or for complications from BMT.
Methods: HGS measured on admission and daily.

Main Research Variables: HGS, absolute neutrophil count, hemoglobin, and hematocrit.

Findings: Participants found HGS testing to be relatively easy. Average time to complete
testing was 7.2 minutes (SD = 1.95). Nineteen experienced 20% or greater decline in
HGS during hospitalization, with nine experiencing decline during the conditioning phase.
Age, gender, and hemoglobin correlated with HGS. Strength loss was more likely in those
undergoing allogeneic compared to autologous BMT.

Conclusions: A majority of patients experienced strength decline during BMT, with a
subgroup declining during conditioning. A positive relationship existed between HGS and
hemoglobin and hematocrit in participants admitted for conditioning for BMT.

Implications for Nursing: Weakness increases risk for falls. Patients may experience as
much as 50% strength loss during the course of hospitalization for BMT. Strength loss
occurs in the conditioning phase for some patients.

atients hospitalized for oncologic diagnoses are at increased risk of

sustaining a fall compared with other hospitalized patients on medical-

surgical units (6.3 versus 3.1 per 1,000 patient days) and are more likely

to be injured if they do fall (Fischer et al., 2005). The etiology for this

increased risk of falling is not clearly understood, but may be related
to generalized weakness, sarcopenia, sensory and balance impairments, and/
or medications (Morishita et al., 2015). Lower-extremity muscle weakness is a
well-known risk factor for falls (Oliver, Healey, & Haines, 2010) and, although
new-onset weakness is often a consequence of hospitalization for treatment of
acute and/or life-threatening illness, objective assessment of muscle strength
is not standard of care in hospitals. This is despite the availability of validated,
performance-based measures of strength, particularly dynamometry (Beseler
et al,, 2014; Bohannon, Magasi, Bubela, Wang, & Gershon, 2012).
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Background

Weakness and Falls in Patients Undergoing
Bone Marrow Transplantation

Evidence exists that patients may already have
mild weakness when they present for bone marrow
transplantation (BMT), but the change may be im-
perceptible to the patient (Mello, Tanaka, & Dulley,
2003). In a study of 56 patients receiving BMT (X
age = 43.9 years, SD = 11), White, Terrin, Miller, and
Ryan (2005) found that hand grip strength (HGS)
was reduced to less than 80% predicted in 39% of the
participants and less than 60% predicted in 15% of
the participants prior to transplantation. Similarly,
58% of participants in the study performed the six-
minute walk test at less than 80% predicted distance.

Declines in strength, as measured by HGS, also oc-
cur during the course of BMT. Kramer et al. (2013)
studied 40 patients who received BMT. When com-
pared to baseline measurement (pretransplantation),
a 10% decline in HGS was found one month post-
transplantation (p = 0.02) with return to baseline at
three months post-transplantation (p = 0.3), which
suggests that weakness associated with BMT is time-
limited, and patients might return to baseline strength
within three months after transplantation.

Patients undergoing BMT are at risk for falls. Ueki
et al. (2014) performed retrospective chart reviews
on 77 patients who had received a BMT. The study
found that 45% of the patients had sustained a fall
while hospitalized, with about 70% of the falls occur-
ring after engraftment, which was defined as more
than three days of granulocyte counts of at least
5 x 108/L.

Limitations of Fall Risk Assessment in Patients
Undergoing Bone Marrow Transplantation

The Joint Commission (2014) designated fall pre-
vention as a National Patient Safety Goal and mandat-
ed use of a standardized, validated risk assessment
for every hospitalized patient as one of the expected
elements of performance needed to achieve accredi-
tation. The subjective nature of some elements of fall
risk screening tools can lead to an underestimation
of risk. In a study of 25,000 falls in academic medical
centers, the authors noted that 88% of patients who
fell had been screened for risk prior to the fall. As
many as 17% of those who fell had been deemed to
be not at risk (Williams, Szekendi, & Thomas, 2014).

Fall risk screening tools that weigh confusion and
age as risk factors for falls might serve to confound
fall risk assessment in patients undergoing BMT (Tz-
eng & Yin, 2013). These patients tend to be younger
than the general hospitalized population and are
rarely confused.

ONCOLOGY NURSING FORUM - VOL. 44, NO. 5, SEPTEMBER 2017

Hand Grip Strength

HGS assessed by dynamometry is a well-established
physiologic measure of muscle strength and corre-
lates with tests of mobility and functional strength,
so it may represent a noninvasive, inexpensive, and
objective measure that can serve as a proxy for global
functional strength (Bohannon et al., 2012; Cantarero-
Villanueva et al., 2012; Kramer et al., 2013). Evidence
exists of positive correlations between HGS and tests
of mobility, such as the two- and six-minute walk tests
(p = 0.002) and with functional strength as determined
by the sit-to-stand test (p = 0.003) and measures of
manual muscle (lower extremity) strength, such as
knee extension (p < 0.001) (Bohannon et al., 2012;
Cantarero-Villanueva et al., 2012).

Research established the minimum clinically im-
portant difference (MCID) for HGS. In a study of 50
patients who sustained a distal radius fracture and
subsequent volar locking plate fixation, the MCID was
found to be a decrease of 6.25 kg (19%) (Kim, Park, &
Shin, 2014). This was calculated by correlating HGS
changes with patient subjective report of grip, in
addition to ensuring that expected standard error in
measurement was accounted for.

Research Gap

Previous studies in participants undergoing BMT
have assessed HGS pretransplantation (Kramer et
al., 2013; Morishita et al., 2012; Pidala et al., 2013), at
one and three months post-transplantation (Kramer
et al., 2013), after discharge (de Souza et al., 2012),
and after the diagnosis of graft-versus-host disease
(median = 7.3 months post-transplantation) (Pidala
et al., 2013). The pattern and timing of HGS changes
during the course of hospitalization for participants
undergoing BMT is not known. This is important to
establish because declines in HGS may be a marker
of new physical functional impairment, which in turn
may increase the risk of in-hospital falls.

Patients receive different types of BMTs: allogeneic
from a related or unrelated donor or autologous when
patient’s cells are treated and reinfused. These two
types of BMT introduce another potentially important
factor to consider. The determination of which type
of transplantation a patient receives is based on the
specific disease that is being treated, with autologous
transplantations generally being reserved for non-
hematologic diseases (Majhail et al., 2015). Those
receiving allogeneic BMT often have more aggressive
disease and receive stronger doses of chemotherapy
and radiation therapy in their conditioning regimen.
A study by de Souza et al. (2012) compared HGS
between participants receiving allogeneic versus
autologous BMT at the time of hospital admission and
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found no significant difference (p = 0.61). No study
has been reported that compares these two groups
throughout hospitalization.

Limited study of laboratory values related to HGS in
patients receiving BMT has been done; if values were

FIGURE 1. Protocol for Hand Grip Strength
Measurement

* Perform hand hygiene prior to entering the hospital room.

- If participant is in contact isolation precautions, don gown
and gloves prior to entering room.

If participant is sleeping, do not wake him or her.

Ask participant if he or she is ready for a grip strength test.

* Note the measurement start time on data collection tool.

Position participant in bed for testing by doing the following:

- Assist the participant in moving head to the top of the
mattress, if needed.

- Raise the head of bed as high as possible.

- Assist participant to sit as upright as possible, with hips
back toward the head of bed and legs on the bed and
ankles uncrossed.

- Ensure that shoulder is in a neutral flexion/extension
position.

- Place elbow at 90-degree angle.

- Instruct the patient to hold the shoulder close to the body.

To calibrate the instrument, ensure that the indicator needle

isat 0.

Ensure that the dynamometer is set to the second handle

position.

Rotate the red peak-hold needle counter-clockwise to O.

If patient is in contact isolation precautions, have them don

gloves.

* Ask the participant which hand is dominant. Place the dyna-

mometer in the participant’s dominant hand. Record.

- If participant is unable to state which hand is dominant,
start with right hand.

Instruct the participant to squeeze the dynamometer as hard
as possible for four seconds. Tell the patient, “Get ready.
Squeeze. One one-thousand, two one-thousand, three one-
thousand, four one-thousand. Stop.” Record the maximum kg
torque reached by looking at the dial on the dynamometer
and recording the number on a separate piece of paper. Allow
for one-minute rest time between each reading. Repeat this
two more times for a total of three readings on the dominant
hand. Use the same instructions each time. Record highest
reading on the data collection form.

Repeat the process for the nondominant hand.

* Note the measurement stop time on the data collection
sheet.

¢ Share the results with the patient or nurse, if requested.

* Note any comments made by the participant about the test-
ing procedure on the data collection form in the comment
section (e.g., difficulty, emotions during testing).

¢ Ask the participant how difficult it was to complete the hand

grip strength test on a scale of 1 (not difficult) to 5 (very dif-

ficult). Record the answer on the data collection form.

Perform hand hygiene upon exiting the hospital room.

Clean all surfaces of the dynamometer with a sanitation wipe

outside of the room.

- If participant is in contact isolation precautions, use a
bleach wipe to clean the dynamometer.
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found to be related, this might provide important
clinical biomarkers for assessing risk. Pidala et al.
(2013) included platelet counts at the time of enroll-
ment, de Souza et al. (2012) included engraftment of
neutrophils and platelets as an outcome measure, and
Morishita et al. (2012) collected baseline data on he-
moglobin. To date, no studies in this population have
examined the relationship between HGS and absolute
neutrophil count, hemoglobin, or hematocrit.

Finally, the relationship between HGS and falls
has not been determined. Prior to launching such a
study, it is important to understand how HGS changes
throughout the course of hospitalization for BMT as
a potential indicator for strength loss that could then
be explored in relation to falls.

Objectives

The objectives of the study in a sample of partici-
pants undergoing myeloablative BMT in an inpatient
setting were to (a) determine feasibility of daily
HGS measurement, (b) describe changes in muscle
strength as measured by daily HGS measurements,
and (c) describe the relationships between selected
laboratory values (hemoglobin, hematocrit, and ab-
solute neutrophil count) and HGS during the course
of hospitalization.

Methods
Design and Setting

This prospective, longitudinal, repeated measures
study used a within-subject design in two inpatient
units specializing in the care of patients undergoing
BMT. These units are part of University of Washington
Medical Center in Seattle, a large quaternary academ-
ic medical center within a National Comprehensive
Cancer Network Member Institution.

Participant Recruitment

The Fred Hutchinson Cancer Research Center Institu-
tional Review Board approved all procedures. Patients
presenting to an academic medical center from Octo-
ber 2014 to May 2015 for their first myeloablative BMT
(peritransplantation) or being admitted within 20 days
of BMT for complications of transplantation, such as
neutropenic fever, were approached for enrollment.
Participants were aged 18 years or older and able to
speak, understand, and read English. Participants were
excluded if they required droplet isolation or intensive
care treatment. The principal investigator (PI) identi-
fied potential participants by reviewing admissions to
the BMT units daily. A convenience sample was used
with no more than five participants enrolled at any one
time based on available resources for daily collection
of measures.
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Measures

Demographic information included age, gender,
hand dominance, transplantation type (allogeneic
versus autologous), diagnosis, and date of diagnosis.

HGS was tested using a Jamar 200 KG Hydraulic Hand
Dynamometer that was calibrated prior to the study
by the Scientific Instruments department at the Uni-
versity of Washington in Seattle. After demonstrating
inter-rater reliability on a volunteer test patient, the
PI and two research assistants collected the data. Par-
ticipants were tested at the time of enrollment. Testing
was then conducted each day during hospitalization,
provided participants were awake at the time of testing
and agreed to proceed. HGS testing occurred at various
times of the day depending on participant and research-
er availability. Participants were positioned with their
legs and feet on the bed and the head of the bed in the
most upright position possible. The elbow was flexed
at a 90-degree angle, and the shoulder was adducted.
Each hand was tested three times, with the dominant
hand tested first. Participants were asked to hold the
maximum torque for four seconds. A one-minute rest
period was given between tests (see Figure 1).

Clinical Data

Abstracted laboratory data included hemoglobin,
hematocrit, absolute neutrophil count, and any blood
transfusions that occurred. These data were abstracted

TABLE 1. Sample Characteristics by Group

for each day the HGS was measured. Use of benzodiaz-
epines and opioids within 12 hours of the testing time
was also recorded on each day of HGS measurement.

Feasibility Participant Survey

A simple five-point, Likert-type survey tool was
administered at the conclusion of each HGS testing
session. The survey was administered verbally, with
the researcher asking how difficult it was to partici-
pate in the HGS test on a scale from 1 (not difficult)
to 5 (very difficult).

Statistical Analysis

Stata 12.1 software was used for all statistical analy-
ses. Descriptive statistics were used to evaluate each
participant’s pattern of strength during hospitaliza-
tion. Given the different number of data points in each
group, subgroup analysis of the peritransplantation
and complication groups was conducted. Participants
were assigned to the peritransplantation group if
they were admitted to the medical center before the
transplantation occurred and stayed through day
0 of the transplantation. The complication group
was assigned if participants were admitted after the
transplantation for a complication (e.g., neutropenic
fever, nausea/vomiting). A threshold for clinically
important change in HGS was set a priori at 20%, per
recommendations by Kim et al. (2014).

Characteristic

Peritransplantation
(N=20)

Complication
(N=13)

X SD Range X SD Range

Age (years)
Months since diagnosis

51.5 11.4 32-71 56.1 12.9 27-71
12.4 10.9 4-42 18.8 28.7 5-107

Length of study participation (days in hospital) 17.3 17.3 8-35 6 3.1 3-12
Characteristic n n
Gender
Male 15 6
Female 5 7
Hand dominance
Right 17 13
Left 3 -
Diagnosis
Acute myeloid leukemia 5 1
Lymphoma 5 4
Myelofibrosis 3 -
Multiple myeloma 2 6
Myelodysplastic syndrome 1 1
Chronic lymphocytic leukemia - 1
Other 4 -
Transplantation type
Allogeneic 11 3
Autologous 9 10
ONCOLOGY NURSING FORUM -« VOL. 44, NO. 5, SEPTEMBER 2017 609
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TABLE 2. HGS and Data Collection in the Peritransplantation Group (N = 20)

HGS Decline of

Data Points Collected

ID Age (Years) Right Grip (%)? 20% From Baseline HGS Nadir Actual Potential
6 43 47 -3 4 24 24
10 35 42 -6 5 32 36
11 64 36 -1 7 24 24
12 38 47 -6 -6 42 50
13 59 - -3 44 48
19 60 22 -2 15 34 42
20 32 7 -5 8 12 20
22 59 22 11 11 28 38
24 57 52 -3 15 42 70
26 56 6 -5 16 16
28 56 7 1 16 20
32 40 44 8 38 48
34 32 36 19 33 52
35 60 - 2 25 34
36 71 3 -6 16 22
37 54 2 -2 12 16
38 65 43 -5 1 24 32
39 51 10 -3 14 26
40 41 18 -2 2 36 46
45 57 21 3 22 26

aPercentage change in HGS (kg) from baseline reading
HGS—hand grip strength

Note. HGS decline and nadir are measured in transplantation days, where O is day of transplantation.

Univariate, multilevel analyses were conducted to
examine the relationship between HGS and each of the
following independent variables: transplantation day
(with 0 being the day of transplantation), age, gender,
transplantation type (allogeneic versus autologous),
hematocrit, hemoglobin, and absolute neutrophil
count, controlling for transfusion, in the peritransplan-
tation group for days -7 to 0 and for days 1-8. Absolute
neutrophil count readings were transformed to better
analyze effects on HGS. The same analyses were com-
pleted on the complication group data. Multilevel mod-
eling was used to account for each participant having
multiple data points; therefore, each observation was
nested within the individual, and a simple linear regres-
sion would have been inadequate (Snijders, 2014).

Variables found to be statistically significant (p <
0.05) were then included in a multivariate, multilevel
regression analysis. Hematocrit was not included in
the multivariate model as it was highly correlated
with hemoglobin. In the complication group, the
multivariate analysis included transplantation day,
age, gender, hemoglobin, and absolute neutrophil
count. Chi-square analyses were also conducted to
examine differences between the strength loss (20%
or less from baseline) and no strength loss groups in
the peritransplantation subgroup.
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Results
Participants

Fifty participants met inclusion criteria and were
approached for enrollment. Five of those approached
declined enrollment, with two giving specific reasons
(not wanting sleep interrupted and enrolled in too
many studies). Of the 45 who gave informed consent,
33 (20 peritransplantation; 13 complication) completed
the study (see Table 1). Reasons for not completing
the study included declining to continue participa-
tion because of feeling unwell or overwhelmed (n =
5), early discharge (n = 2), and being placed in droplet
precautions (n = 1). In addition, participants were not
woken up for daily testing. Participants who missed
data collection for four days for any reason were
removed from the study. Participants in the peritrans-
plantation group who dropped out of the study prior
to day 0 of the transplantation and any participant
with less than three data points were excluded from
data analysis.

Feasibility and Acceptability

The mean time required to perform HGS testing was
7.12 minutes (SD = 1.95). Participants in the peritrans-
plantation group rated the difficulty of performing
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HGS at 1.4 (SD = 0.73) on a scale of 1-5, with 5 being
most difficult. Similarly, the complication group rated
the difficulty at 1.8 (SD = 1.3). In addition to providing
a score, many patients commented that they felt tired
or weak at the time of testing.

Dependent Variable

Peritransplantation group: A total of 756 HGS read-
ings were collected on the right hand of participants
and 759 readings on the left hand during the course of
the study. For each session, the maximum grip from
both hands were recorded and included in the analy-
sis. Thirteen of 20 participants in the peritransplan-
tation group experienced a 20% or greater strength
loss during the course of hospitalization (threshold
of clinically important change). Participants experi-
enced the strength loss from day 6 pretransplantation
to day 11 post-transplantation (X = 1.46 days before
transplantation, SD = 4.3). Nine of the participants
in the strength loss group reached the 20% decline
during the conditioning phase (time period prior to
transplantation when patients receive chemotherapy
and/or radiation) of the transplantation. Seven par-
ticipants experienced greater than 40% strength loss,
with one of those participants declining by 52% (see
Table 2). The nadir of HGS in the strength loss group
appeared from day 6 pretransplantation to day 19
post-transplantation (X = day 6.3 post-transplantation,
SD = 7.2).

Chi-square analyses were performed to examine
differences in selected characteristics between par-
ticipants in the strength loss group and those with
no strength loss. Age, gender, and mean time since
diagnosis were not significantly different between
those with and without strength loss (see Table 3).
Those receiving allogeneic transplantations were
more likely to be in the strength loss group than
participants who received autologous transplanta-
tions (p = 0.02).

Complication group: A total of 204 HGS readings
were collected from the right hand of the partici-
pants and 204 from the left hand. As in the peri-
transplantation group, the maximum reading from
each session was included in the analysis. Six of 13
participants of the complication group experienced
a 20% or greater loss of HGS during hospitalization,
with five participants declining by greater than 40%.
Participants experienced this loss from days 5-11
post-transplantation (X = day 7.3 post-transplantation,
SD = 2.8), with the HGS nadir occurring on day 9.8
post-transplantation (SD = 4.1).

Clinical Data

Peritransplantation group: In the univariate
analysis, statistically significant relationships were
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found between HGS and age, hemoglobin, and he-
matocrit (see Table 4). In addition, male gender was
strongly correlated with HGS (p < 0.001). Receiving
an allogeneic BMT was strongly negatively correlated
with HGS. Those receiving allogeneic BMT had HGS
that was about 11-12 kg lower than those receiving
autologous BMT (p < 0.001). Absolute neutrophil
count was not significantly associated with HGS.

Variables that were found to be statistically signifi-
cant (p < 0.05) in the univariate analyses were included
in the multivariate analysis. One exception was hema-
tocrit, which was not included because of collinearity
between hemoglobin and hematocrit. Age was nega-
tively correlated with HGS from days -7 to 0 but was
not significantly related after day 0. Gender and hemo-
globin remained positively correlated with HGS when
adjusted for transplantation day and transfusions
received. Allogeneic transplantations were negatively
associated with HGS on transplantation days -7 to 0
(p < 0.001), but this association was not statistically
significant on transplantation days 1-8 (p = 0.11).

Complication group: In the complication group, a
very small but statistically significant negative correla-
tion was found between HGS and absolute neutrophil
count, hemoglobin, hematocrit, and age (see Table 5).
As in the peritransplantation group, male gender was
strongly associated with HGS (p < 0.001). When these
variables were added to the multivariate analysis, only
age and gender remained statistically significant.

Discussion

Although studies have examined changes in strength
before and after BMT (de Souza et al., 2012; Kramer et
al., 2013; Mello et al., 2003; Pidala et al., 2013), this is

TABLE 3. Characteristics of Patients With
Strength Loss Versus No Strength Loss in the
Peritransplantation Group

No Strength  Strength Loss
Loss (N =9) (N=11)
Characteristic X sD X SD p
Age (years) 55.6 3.8 48.5 3.8 0.22
Months since 14.2 4 10.8 3.6 0.51
diagnosis
Characteristic n n p
Gender 0.27
Male 7 7
Female 2 4
Transplantation type 0.02
Allogeneic 2 7
Autologous 7 4
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the first study to measure HGS daily in participants
undergoing BMT. The authors found that clinically
important changes in HGS (greater than 20% decline
from baseline) occurred in the majority of participants
(n =19, 57%), with a subgroup experiencing strength
loss early in the BMT process during the conditioning
phase. A high degree of variability was found for the
day of nadir of HGS. In addition, six patients (46%) who
were admitted for complications of BMT experienced
continued strength loss after admission.

Because weakness is a risk factor for falls, the
degree of progressive weakness found in this study
during the course of BMT might explain, in part, the
finding by Ueki et al. (2014) that patients undergoing
allogeneic BMT had an increased risk of falling.

Of note, those who received allogeneic transplanta-
tions were more likely to experience clinically important
strength loss (greater than 20% decline from baseline)
than those who received autologous transplantations (p =
0.02). Of the five studies of HGS in patients receiving BMT
that were reviewed for this study, four included only
patients receiving allogeneic transplantations (Kramer
et al., 2013; Mello et al., 2003; Morishita et al., 2013;
Pidala et al., 2013). The study by de Souza et al. (2012)
examined patients receiving allogeneic and autologous
BMT. The authors of that study found no significant
difference in HGS between groups at baseline (p =
0.61) and did not compare the two groups after BMT.

Testing HGS in patients hospitalized for BMT was
feasible and did not require extensive time. In general,
participants found the HGS testing to be relatively
easy to perform. The mean time to complete test-
ing was 7.15 minutes (SD = 1.95). This time included

instructions given to the patient and any positioning
required. Many of the participants were interested in
learning how their HGS was changing over time. No
adverse events, such as injury or infection, related to
the HGS testing occurred during this study.

Limitations

There were some limitations to this study. First, this
feasibility study was conducted in a single medical
center. Although more than 1,000 HGS measurements
were recorded, the sample size was small, with 33
participants completing the study. Given that this was
a feasibility study, no power analysis was conducted.
Therefore, the results may not be generalizable to
other inpatient settings.

The research team did not wake patients for testing
and, as would be expected, participants were asleep
at various times of the day. In an effort to ensure ongo-
ing assent, participants were asked each day, “Are you
ready for a grip strength test?” Many patients declined
on various days for reasons, such as nausea, diarrhea,
or generally feeling unwell. Participants were unen-
rolled from the study if they refused data collection
or were sleeping at the time of data collection for four
consecutive days. In addition, many missing data points
occurred because of the decision to minimize burden
and disruption to participants by not waking them for
testing. As participants progressed in the BMT pro-
cess, they tended to nap during the day, which limited
their availability for testing. Given the acuity of illness
and the dynamic care needs of the participants, the
authors were not able to perform HGS measurements
at the same time each day. This may have affected the

TABLE 4. Univariate and Multivariate Analyses With Hand Grip Strength in the Peritransplantation Group (N = 20)

TD -7to 0 TD 1-8
Variable Coefficient p 95% Cl Coefficient p 95% CI
Univariate analysis
D -0.2766 0.65 [-1.48, 0.924] -0.368 0.65 [-1.96, 1.22]
Age 0.59 <0.001 [0.397, 0.794] 0.51 <0.001 [0.314, 0.711]
Hemoglobin 4.1 <0.001 [2.75, 5.44] 4.47 <0.001 [2.65, 6.29]
Hematocrit 1.29 <0.001 [0.811,1.77] 1.36 <0.001 [0.737, 1.98]
Absolute neutrophil count® 0.026 0.9 [-0.39, 0.442] 0.266 0.22 [-0.162, 0.695]
Allogeneic transplantation -10.99 <0.001 [-15.69, -6.29] -13.31 <0.001 [-18.4, -8.22]
Gender (male) 19.6 <0.001 [15.02, 24.21] 18.1 <0.001 [13.33, 22]
Multivariate analysis
D -0.04 0.91 [-0.793, -0.7102] -0.11 0.81 [-1.03, 0.816]
Allogeneic transplantation -7.32 <0.001 [-10.92, -3.72] -3.82 0.11 [-8.58, 0.932]
Age -0.269 0.02 [-0.492, -0.046] 0.093 0.46 [-0.159, 0.347]
Hemoglobin 2.01 0.001 [0.845, 3.19] 1.54 0.08 [-0.179, 3.25]
Gender (male) 20.29 <0.001 [15.14, 25.44] 13.75 <0.001 [7.77,19.73]

2Divided by 500
Cl—confidence interval; TD—transplantation day
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TABLE 5. Univariate and Multivariate Analyses
With Hand Grip Strength in the Complication Group
for Transplantation Days 0-15 (N = 13)

Variable Coefficient p 95% ClI

Univariate analysis

TD -0.04 0.9 [-0.674, 0.59]
Age -0.28 0.015 [-0.498, -0.054]
Hemoglobin -0.92 0.007 [-3.32, -0.525]
Hematocrit -0.7 0.001 [-1.11, -0.3]
AT -0.55 0.86 [-6.99, 5.89]
ANC? -0.51 0.02 [-2.81, -0.214]
Gender (male) 15.45 <0.001 [11.22, -19.7]
Multivariate analysis

TD -0.185 0.53 [-0.759, -0.39]
Age -0.377 0.02 [-0.682, -0.051]
Hemoglobin -0.877 0.2 [-2.23, -0.48]
ANC? -1.19 0.054 [-2.41, 0.019]
Gender (male) 13.6 <0.001 [8.99, 18.22]

2Divided by 500
ANC—absolute neutrophil count; AT—allogeneic transplan-
tation; Cl—confidence interval; TD—transplantation day

results because strength may vary during the course
of a day. In total, the authors collected data on 78% of
the potential days for the peritransplantation group and
85% of the potential days for the complication group.
Despite gaps in data collection, the authors were able
to see trends of HGS during hospitalization; however,
missing data points may have affected the results.
Another limitation is that the authors did not
control for conditioning regimens. Although every
participant received myeloablative BMT, some con-
ditioning regimens were more intense (e.g., higher
doses of chemotherapy and radiation) than others.
There is a possibility that those with intense con-
ditioning regimens had a higher degree of strength
loss, but this study was not designed to examine that
question. Other variables that might have affected
the results but were not collected include comorbidi-
ties, body mass index, and baseline functional status.
Although the impetus for this study was identification
of an objective method of quantifying strength loss to
potentially prevent falls, the authors did not measure
falls, lower body strength, or gait. Therefore, the
authors are not able to draw conclusions about the
relationship between HGS and falls. However, the data
collected during this study suggest that weakness
may be a key factor in patient falls in this population.

Implications for Nursing

A majority of patients who present for BMT ap-
pear to experience a clinically important decline in

ONCOLOGY NURSING FORUM - VOL. 44, NO. 5, SEPTEMBER 2017

strength during hospitalization, and those receiv-
ing allogeneic BMT are more likely to experience
this decline than patients receiving autologous
transplantation. This strength loss may account, in
part, for the increased risk of falls in patients receiv-
ing BMT. In addition, this study provides important
information on the potential timing of clinically im-
portant declines in strength that may occur early in
the transplantation period during the conditioning
phase. Although not directly assessed in the current
study;, it is likely that patients may not recognize their
own strength decline. Therefore, nursing and patient
decisions about the need for assistance with mobility
may not be fully informed. Nurses should be aware
that patients hospitalized for BMT are at risk for sig-
nificant weakness and potential falls. This needs to be
incorporated into care planning and patient education
about fall prevention interventions.

Nurses should assess extremity strength care-
fully, including in the days prior to transplantation.
Based on the findings of the current study, use of a
dynamometer is feasible and acceptable to patients
and, when used for daily repeated measures, pro-
vides an objective measure of changes in strength.
Should weakness be detected, nurses can implement
individualized fall prevention measures to protect
patients from injury.

Conclusion

HGS may be a more sensitive, real-time indicator of
declines in strength than subjective nursing assess-
ment, but it requires further study to determine use in
the prevention of falls. HGS by dynamometry provides
a practical, objective measure of strength that will allow
care providers to identify clinically important weak-
ness as soon as it occurs. This identification may give
healthcare providers critical information that will in-
form the design of an individualized fall prevention plan.

The HGS test by dynamometry was found to be fea-
sible for use in the inpatient setting for participants
receiving BMT. In the future, it would be useful to
perform the HGS test when the participant is already
awake for vital signs or some other routine care, which
would increase the days when data could be collected
and provide a standard time of measurement. Engaging
participants in the process of measuring and trending
HGS during hospitalization is an important factor. One
participant stated that he would like to see a chart that
would allow him to track his HGS over time.

The results of this study add to the body of knowl-
edge that has emerged about the use of HGS in acute
care settings. The authors have demonstrated that
it is feasible to test HGS daily in hospitalized partici-
pants who are acutely ill. Given the success of this
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Knowledge Translation

* A majority of patients experience clinically important
strength loss (20% or greater from baseline) when hospital-
ized for bone marrow transplantation (BMT).

* Onset of weakness may occur pretransplantation, and the

nadir of strength occurs post-transplantation.

Strength loss is more likely in patients receiving allogeneic

compared to autologous BMT.

feasibility pilot, a study with a larger sample size
sufficiently powered for statistical significance is
indicated. Potential confounders, such as comorbidi-
ties, weight, and baseline physical activity, could be
included in the analysis of a future study. The design
of this pilot study could be used for such a future
study with a few modifications to improve data cap-
ture and interpretation of results. For example, HGS
measurements should be timed to coincide with vital
signs to minimize missing data.

Engagement of the patient in the assessment of
strength may enhance nurse-patient discussions
about the safety of independent mobilization and may
increase the likelihood that patients will ask for as-
sistance with mobilization. This objective data could
help patients to overcome resistance in asking for
help, saving them from devastating injuries.
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